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AESTEACT

The user interface is a crucial, tut <ften overloosed,
¥art of the corputer and software jackage. It is o2%ten the
last thing designed. Short term memory aids and sessioan
yacing are two of the most irportant areas in which tre
machine can assist the user. Ineclusicn of a8 screen pcinting
device ©brings the computer closer to comm:nicating on human
terms. Pasing the interface on a common metaphol, e€.x. a
desk tor, can make it easy to learn and use.

In this thesis three facets of the 1iaterface are
examined: Communication frcm the machine, to the macaine,
and the dialog bYetween user and machine. The Amiatle
interface designed for the UNIX operating system \{is
descrited. Amiad®le {is 1implemented c¢n a SUN model 1352
Workstation in tne Naval Postgraduate Schocl Computer
Science Latoratory. Iaterface design 1is a hard jrotlem,

much remains to te done.
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A. Td4Z INVISIELE PIPE

The ucer tc¢ computer interface s tae invisitle 11ije

R N ATav

through which the mar and machiane conduct a 1ialog.
Ccmmunication flows between the man and mactine ir the forn
cf electroniz signals, visual stimulation ard gpossizcly
auditle tones cr pratterns. The jct of the intertace 1is tc
tranclate the raw data forms into forms intelligetle bty the
tarties on either end. The greatest single Ddenefit cf a
mecdern user interface 1is the ease with which somecne Tay
cainfully emplcy the system from his earlest session. The.
comyuter comtines the role of instructor ard tool; the best
interfaces do it transjiarently. With aprropriate aids the
machine rcan anticipate the ncvice’s misunderstanding, and
o offer explanations anrnd guldance; yet accommodate the
exrert’s impatience ty streamlining his request. The
atility tc do these things 1is not an ianate feéture ot

exotic state-c¢f-the-art hardware, though hariware makes tnem

YW Tt e

N tossible. The willingness of the machine to 3o the man’s

E tidding 1is residert in the design of the man-macoine

E interface and the software that makes it a reality.

é Unfortunately the human aspects of users, evep within a

i narrowly restristed grouyp, are diverse and véeriatle. Wrat

E csuits cne individual {s anathema to tne next. Preferences
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change jertecdically, end 1intellects grow and mature. The
interface designer must accormmcdate the widest range cf
users in a ranner 3;realing to all and condescending to
none, a formidatle task! The power cf Todern computers is
teginaing to allow the desig.ners to trin. tae mecaine up tc
man”“s cogritive level, like never before. Teckniques and
equirment eaere teing combiazed that ctfer vastly improve?l
means 2f working, learning and rtrlaying. Thke 1laser viaeo
disk jlayer (LVD) is & prime example. It is the answer t¢
an interface designer’s prayer. The LVD not cnly otfers
€normous storage, tut can te interactively ccmputer
controlled to show selected combinations c¢f 1instructicn,
exzlanation, and examples that would otterwise require a
dedicated instructor or extensive reference material. It 151
the perfect mredium to store the myriad error messages and
exrlanations that gprevicusly were too aumercus and
cumbersome to attempt. With well designed lesson material,
instructicn at the workstation simply tecomes & matter of
selecting the disk, inserting it in the player, tren hanging
¢n fecr the ride. An LVD ccmbined with a ccmputer werk
station tecomes a comtination libdbrary/classrom/office with
nearly unbounded pctential,

The goal of the project with which <this thesis 1is
asscciated is to desigzn a Command and Control wcrkstaticn
with off-the-shelf commercial  hardware. This thesis
exglcres the triarpatch of the human-comptter interface

pursuant to that ena,
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2. TESIGN FCR HUNAN-COMPUTZR INTERACTION

It is not enough thet pecple want to use a computer,

thelr desire must be <cucstained by tie Ggcuman-comjuter Chl

o interface tefore the mechine will gair wide acceptance. The ;i;

suctes<ful interface makes the wuser feel ccmfortatle and
_ relaxed while doiné *is Job, and is faster and mcre aczcurate S

than ccnventional methods. A typical user will not cha-ge

> hic cr her normal work hatits to use a rew compruter unless

it is easy tc learn and simple to use. Given a cacice, .
users Tust percelive vast imprcvement over old methods before
they will seriously consider the change. A 1little
imrrovement is not worth thke effort to <change extablished é¥~¥
methods.

The new generation of computers from APPLE, i.e. LISA

iy L .

R IR A
Lt P e e e

¥ 4 MR
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and MACINTOSH, are exiting, relatively inexpensive examples

i of just wnat ic possible in a modern interface [Ref. 1]. ‘ ;gg;
The dramatically new interface using 1icons eand ctject gﬁi;
oriented dialog appears to e attracting yreviously Sﬁi;
disinterested reople to comiuters. Acceptance ameng P?TT
traditional computer users has teen slower, largely tecause =
the new interface is unzonventional, and they are resistant .

tc change.

Some display interfaces are easier t9 learn than otners.

Interface softwsare complexlty increases rapidly with user- ﬁiﬁ

friendliness. An interface that appears simile TasS<S

internal detail and comrlexity., The software rinning ®ehind

it is 2andling the minutiae forrerly left to tne user. Iut

1¢
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the ease of use of some of tne tetter systems #ill jay for
itself many times <c¢ver in reduced trainiag cecsts and
increased oreraticnal efticiennys. It may te possitle to
save a few thcusand dcllers per system 1ia the jrccurement
rrocess conly to <;end ten times tzat axourt in recurring
training z2¢sts.

In this tnesis the three tasic parts of hLuman-ccnputer
interacticn: user-to—-computer communicationy compater—-to-
user communication; anad the dialoc, tetween the 4o are
examined in some detail. An interface designed to hel;
students rew to UNMIX is propcsed. It 1is an overlay that
works in conjunction with UNIX, not 1in jplace of {t.

Cenclusions regarding the human-corputer interface and

future imrroverents are discussed last.
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I1. COVMPUTER TO USEZ COMMUNIZATION

R R T

The c¢omputer communicates to the aser via cut.ut
devices. A typlcal computer worx station has one cr mcre
CRT (cathode ray tute) screens and access to a printer,
Otker output devizes are rossible, 1including voice
synthesizers and cther specialized hardware. A printer may
be iart c¢f the 1installation, but printers are usually
centrally lccated to te shared with others. Zefore CRTs
tecare the accezted Iinterface medium, printers were. how
they are used as copy machines: to cttain copies cf

intermediate and final resvlts.

Auditle tells or tores are used tc sound ftault alarms.'

or to #ara of illegal cperations. Frequently, the audio tcne
is felt tc te an annoyance ty tke user community.

Voice input i¢ an emerging tecanology, with high rrices
ard 1low performance, tut the cost to perfcrmance ratio is
imircving a¢ research rrogresses. Tre aifficulty of
extracting meaning 1rom spokea words and of joining scunds
to forr understandatle words takes substantial maceine
resources and time, That additicnal processing slows the
c¢ifalog btetween user and macaine ‘telow a comfortatle
threchsld. Comiuter vccatularies are small, ranging from a
few words to two to three hundred words.

Voice recogniticn is used a¢ a security caeck. Speach

csyntresie 1s also a major research area. lnexpensive s;eech

12
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% syntoesis micrcchips nave allowed tne cajatility to be used P
% in several electroniz toys. The ‘'voize” is still teo -
B mechanical and artitiziel scundia. to te used in a ypenerel -
. | N
< ;urjose interface. There 1is a tremendcis future for vcice e
LN ~re
) _\.-_‘
3 irpat ape cutput when it becores cost effesctive. 2§;
B 4. THE PRBYSICAL MEDIUM e
ft The CRT s-reer is tkhke comrubicatior 1interface. The f}
: irtermaticn displayed there must te timely, accurate, ff
R meapningful, and conclise. It is here that the computer must %;
- condense as much 1infcrrmaticn as possibtle to keep the user i
2 intormed atout his current status, the status of his active oy
[

13
- Jobs, ana any other jertineat system informatiocn end s
. messages. - oy
< o
-'. :.\"
- . Orinionc atout various monocarome screen fphosphors are Y

many and varileaq. Personal ;reference 1s the determining

- ) factor for which 1is Yest. All mondcarome combinations

) §
gra i

»
N
£l
AL s
-t

tamter text, dark btackgrcund; green text, dark tackgrcund;

- waite text, dark tackground; and reverse video ccmtinatioas) ,:
E are alequate, thouch the lired tackgrouanid of full screen gf
; reverse vicdec mway te less ccmfertatle tc use on  text é;?
- triented raster scan displays. Tee most annosing distractors o
31 are reflected glare and misadjusted trightness and ccntirast. ﬁi
- All toese can wusually te controlled by tre intormed user. Eiz

et

Means should te incorporated ia the terminal 1irnitiallization

A

sequence so the user can set his ,refererces.
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,; Colcr wmonitor screens jresent additicral jrctlerms. E;;
ﬁ There are definite cclar  combinations that }preduce ;ig
3 remarkatly uncorfortatle visuel sensations (green text on 3 ‘ E;;
tright crance teckground is cne). Desig.ners must te mede . Zﬁﬁi

aware of tke vision function of acccmmodatiorn are teke rains é%%

not tc¢ intlict awkward comtinaticns on unsuspecting. users. ;i;

Ideally, the vser srould te atle to select Fis own preferred ;”?

: cclor ccmbinaticns, then tne designers prectlem is just that %Ei
-ﬂ of gproviding tce flexitility to do so. lefault color éfi
i; cortinations snould te comfortatle to view. ;ﬁ;
3 B. THZ 5CREEN DISPLAY FO3IMAT :l_::i_f::ff
F‘-‘-.!

There are two screen display foermats used in general
purpose interactive wcrkstations, vector drawing and raster.
scan. Two versions of each are widely used.

A refreshed vector drawing display has anigh resolution

tut has teen restricted to use primarily 1in graphics

[}
»
0
e

taa ’ IR
. L) [ I A
DA S L] e
', . .

LU 1’. VY t ot
o . ot

D AT A

LA A N . NONCRER

applicaticns, where {ts special features are required. It

. is considerably more exzensive than the same size raster
display. Tae vecter drawing displey’s ferte is line o
- drawings. It draws true circles and diagonal lines, decause é?%
each line is a cortinuous stroke of the electron team. The T
D

numter of displayed segments is limited by the team drawing

7.8
A‘l,"

‘.
4

.-J .,

sjyeed, screea refresh rate, and amount of storage dedicated

5 t¢c vecters, The maximum rumter ot displayatle vectors is e
ﬁ £1xed, whizh Is the primary shortcoming of refreshed vector ;ﬁa
. . ~ :..:
By drawineg displays. Vectcr drawn display text is very shary; ;}S

3
Y
' %ty e
. l. s [}

Y .-"l

14 .
S
*e - - "
.
‘s ‘§~ --
() LS
r
Ta
o e
’ . ..-
y P\ -.‘

T R Y D N B S R R U v e e o - .
DL I NOIRINIIIS O30 08 SENIION D0 o RTINS "f"'-'\": N R R S O \'\";ﬂ'-. R N R -




LIPS AL A ) L oty .“..‘ & . -
SN N A NI R S OR  DEOADA N E  )

but tecause earch letter is e :ombinatién cf strokes the
numter of canaraeclers 1is limited. ccrsequently, text
included on 3 s-reen frame ra,iily depletss the numter cr
vectors avalillatle to draw figures. Eezause cof this caly
special jurpose workstatioas have vecter irawing CT
screens. CAD .ccmputer aided design) werXstations tyipically
use a vectcr disrlay tor drafting and drawing functlons.

The seccnd version of vectcr drawn disglay, the LVST
(direct view storage tube), eliminates tae screen refresh.
Fence it is much less expensive. DVETs are not satisfactory
£eneral jpurpose workstation 4display surfaces because partial
screen erasure is not possitle, and writing speeds tend to
te slov. LDV3Ts are excellent adjunct grarkic displays for
line drawings and text. Improvements and cost reductions in-
raster disgplay technology have relegated DVSTs to a suiport
role entirely.

The first kind of raster scan disgplay ic text oriented.
The screen is nominally divided 1into <4 1lines of 82
crharacters eacn. Screen area nct contained ir that jattern
is not addressable. fazh c¢f the character pcsitiors is
addressatle and may ccntain aay priztatle character. Tris
screen is best used to display text. The main advantage cf
this display is cost; it is the least expeansive to produce.
A screen tuffer neea orly be 2K bytes. It is possible to
have two or three screen ‘tuffers to allcw rapid screen
filling operations, even at low data transfer rates. Lo«

screen resolution, which results in poor gqualitly erapnics,

-
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is this dis;lay”s mair disadvantage. Ccntrived tar and line

eraphlng are possicle, as is zruie curve plotting.

The second kind ot raster screen displa; 1is Kncwn as
“tit-mared” or “dot adiressable”. Or this display the
smallest addressatle screen position is knecwr as a ;ixel
(FICture cleTent). The physical size of a Gpixel is
determined ty the zhysical ccastruction of the CRT and the
signal handling speed of the amplifiers that control the
electrcn teem. Very high quality, tut expensive, tit-mep ed

c9lor Adisplays of J4p to 1924 x 19424 [pixels are made.

Moncchrome displays can te had up tc 2048 g 2448 Lpixels.
Though rore expensive thar text oriented raster scan
displays, the dit-map,ed disglay is the display of cheice
fcr a corputer terminal or work station. In tne gragphics
mcde It dces suffer frem aliasing”, the stair case
aryearance of diaxkonal 1lines and edges of circles. but
scttware, anxd ncw hardware, smcothin, techniques can
mirimize that effect for all Ddut the m3st critical
applicatiocs. Trhe bit-mapped displey does require a
sutstantially larger screen cr frame tuitfer ‘a Megatyte in
the case of the 1024 x 1224 screen). 3ut rapicly falling
memory prices have relped to mitigcate that disadvantaze.

The raster scan format cffers the most flexitility with
the fewest restricticrns in a g;eneral purpose workstatica,
The preferred raster display is tit-majpzed. The werkstation
that uses craphic communiceticn techniques saoculd te

equiired with a high resoluticn bdit-mapied raster scan

16
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display. It gprovides excellent character definition, good

quality drawing teatures, and exemplary text legitility.

C. TdE SCREEN LAYOUT
vost screens are arranqged 1like e tpaper jpage. The
teginning of the jage 1is at the upper left corner. The

screen fills from left to ri,at, top to tottom. Orly one

vage, or iortion of a ppage is displayed. Trat standeri
layout has served well and will continue to do so. One

dic<rlay 1line 1is reserved for macnine messages. Thus if t:ze

screen disylays <4 lires, <3 may te used to displey text.

The yrotler with the single sheet of paper per screer is
that it does oot cffer a large enough " desktop , or working
f sjace. Few pecple work with just a sinple sheet cf parer.
before ther. 3Iven the most rapid paging or scrolling screen
is not adequate for reviewina raterial not included c¢n the
X ) current screen. The root of the problem rests in the frailty

¢f human short term memory. That shortcoming will arise
frequently 1in the design considerations of a numan ccmputer
< interface. Whern the context of interest is iost tecause of
chanzing the screen ccntents, all tut e few tasic facts
atcut the previsus screen are zone too. The solutica to tnis
jrctlem 1lies in gireservin,; <some or all of the previcus

context when the user must change screens to see cther

infermation.
One answer hes teen to partition the CRT screen {intc '455

several nrnon-overlajjping zones. Zach zone is reserved for a




.............

rarticular t,;pe of informatior. One mixht displey the mcde
>f operation, one =2uld te a reserved area for error
Tessages, another the title of the currernt file, et:>. Fig.
xxx i1llustrates a typrical screen layout using zones. Tre
zcnes remain or the screen, when the disizlay chaneges, cr the
USEr changes what he s dcing.

"S;lit-screen” is another versicn of screen zores. In
this rmrcde the CIT screen §is divided into twe cr more
distinct areas. Each area may contain something different.
Two or mcre files may te displajed simultaneously. Two jarts
cf the same file may te shown Juxtaposed, to save the user
frecm scrclling tack and forth .and forgetting tetween;. The
precoler with s 11t screen operatiors 1is that the amount
shcwn ¢n each porticn cf tne screen is reduced, cften neking.
it difficult to retain the context.

"windowing displays are currently fashicnatle. They
are a trick way of gettirg wcre surface area from a fixed
«ize s2reen. They are similar toc the ,previcusly descrited
zonesj but are temporary, relcratadble, and may overlajy. Trey
2rrear onl, +hen reguested 1ty the wuser, therety saving
cscreen space. windoss cverlay ana jartially otscure tae
(revious screen cecntents; tut may bde moved ty; the user tc
“uncover” an area. The currently active window is dicsplajed
cn terx cf w#hat ap.ears to te a stack cf pages ¢n the screen.
0n most windzowlng sycstems individual window size and shepe
mey bte set ty the user. Windcws 2llcw additicral

information to Ye availatle tc view at trne user’s request,

18

N e e e e s e R T ety oo




- TIP

B o RPN

ERE nr SRS

I
.

AN L

we 8 8 a

[ §

N, W, e

FAD

while ;reservirg the screen contents. The rechanism of the

request can te any c!f several pcpular metheds.

L. THE INTELLECTUAL LEVaL

The intellectual level ot machine-to-user commuaiceticn
has histcrically teen tiased toward tre macaire. Ilnnerent
machine liritations and meeger sardware rescvrces dictated a
lecw tihreshold. Early interactive systems resjonded witk an
"Untlirking Stere  to almost all user input. The only clue
tkat his jet or ccmmand had teen received and understood was
another "reaay promut - a symccl appearel on the screer
notifying the user that adaiticaal input could be accerpted.

Mistakes in the input often meant no resronse of any kird.

Surprisingly, many pcpular systems still offer only tnat-

enigmatic stare, UNIX for one.

The 1intellectual 1level at the 1intertace has riser
raridly with increacsing microcorputer pover and decreasing
herdware costs. Fast, cayacilous storage and modern
techniques have sclved the {forrmer hardwvare deficiencies.
Hardwacre is no longer the major limitation. The emghasis for

irrrcved gperfcrmance was not directed te improviay the

interfacze until very recently. whole CZUs (Ceatral .
Processing Units) are dedicated' to screen management and §§§
input-output; tut the machine-tc-user comrunication rerains ;&;
the same, Wwith the exception of mcre accurate error and ;%%
fault condition reporting. gﬁ%
]

£
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“any of the faualte with the intertace zan ce trazed to
. practices and prc-edures that tesan 1ia the early days.
Surprisingly, many tatch jrecessing procedires are zommon irn

interactive computing. For €example: every coriputer

STV AR

prograrrirg languagé rcrular todas was desigred for a ctatch

Loy

I processir. erviroareat, bteing separately roriiled, loaded
anéd run.

The move away from the tléenk stare mode tegan scon after

R

the advent of interactive comjuting. It did not receive
. much attenticn until tke micrccemputer exgplcsion caused the
: comguter to move from the latoratory 1into offices.
i Computers tec<an to te called uzon to do vuseful work in
: real-time. The clamor for user friendliness tegan. Many
ideas have been tried and discarded. Those that have worked
i nave aprealed 1o tre user’s jhysiological, psychological,
E‘ cognlitive and intellectual needs.
? The serantic level at the interface nas moved from the
- tits to tytes (computer words, languaee characters), to
f ~¢mrand words, to clumped <c¢cmmands, and finally tc a
f Tetajhoric level. [lef. 2] The metaphor is a model that
i selectively combtines all the useful and practical features
- 2f computer interface desigon and 4integrates them int: a
cohesive package that emulates a2 familiar environment. All
i availatle computer functions are masked tehiad a mcdel of
; the e;;lication it 1s intended to serve. The user sees cnly .é;i
ié terms, functicns and methcds with which he is familiar. Tne o
t tewildering and intimidating world of the ~omputer sciertist ]

2
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is compietely hidder, The 1ideas that orew into the

metarhceric interface originated with tre pionzering worzs of

i 2lan ¥Kay and his group at YIROX PARC with SMALLTALY ard i;i
; Dynatock. Several commercial j;roducts are 1ising taese gg}
f corcepts, among them Xerox STAR, Cclihin, ani CZorado; and Eg;ﬁ
i APPLE"s LISA and MACINTOSE [Ref. 1) [Ref. 2]. Tanis interface iii

"

more gaeerly erulates a convertioral deskto;. Everything on

tke screen is treated as a thysical entity, haviag an

i identity and occurying space. The keybecard 1s used canly fecr
text entry. A polatin, device .mouse) is used to manipulate

the otjects. The translation 1s so complete and the

. o
L, e

imprlementation so naturel that ccmparatively 1little effort

is required 1to use the system. This obtject baced display

termat is a paradigm ot cemputer-to-user communication that:
i ‘ will ‘tecore a starting 1oint for all new machines. The

metaphecr can te moditfied to wmeet tne a2aeeds of many
§ situations and applications, changing the nature of the
i som.uter from special puryose machine to genheral jurgpcse
E tocl. The keytoard is the final hurdle tc widespread
i comruter accertance. Its elimination as tae ;rimary means
E cf entering text and data will mark the te.inning. of an ere
. that will see computers tecome as udbiquitous as televisions "]
; ard teleghones.
- F. THE COMPUTER SPEAYS B
2 Not every computer interface designed acw #ill emulate ;??
; the metaphcric paradig.m. Desi,ners must endeavor to keeg ?ﬁ:1
; ;;Zj
g 21 ::::.:'_:.4
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the level cf cerputer—tc-~user cormunicatica as clecse to tke
wyman domain as possitle. Ivery exiert agrees that the
machine must respond as quickly as jpcssitle tc an input
request. If it is unacle to respcri in less than one or twe
secoads, then it shculd notify tre user that tnere will te a
short delay, and give an ajp;roximate time to com;letiorn
(Fef. 1. 1If the prccessing will take a 1lonz time and
partial results <can be disrlayed, then the machine should
tegin respcending as soon as it can with Intermediate cutput.
The time limit of one to twd secords is a rule of thumb, out

fits well with human ccgnitive processes to maintain tne
veer’s train of thought {lef. 4]. Every utterance made by
the machine must te self-explanatory. Eere utterance means
"any cemputer-to-user ccmmunication’. Cues jprompting for
input should, at the user’s discretion, display tkhe tecrrw
(syntax) and options of the exyected command. That relgs
the user twc weys. First, it helps himr rememter the command,
reinforcing his knowledge about it. Second, it reduces the
prctatility cf mistakes. Ideall; the computer will display
the <command line, and the user can fill just the tlan«s,
ceving extra typing. As the user tecomes mcre contident and
experienced he can shift to a mcre indepeandent mede.

A rachine initiated mode of ccntrol relies on the form
and suytstance of machine communication. Tae machine usually
controls the 411alog options in this mode; cut 1t need rot
appear tc be in control. The user is free tc select from a

list of o,tions made avallatle bdy the machine. Tre

2¢
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restricticns placed on user action ty tais mode reguce the
cyrortunity for error, toth 1in rumter apd ty,e. Novice,
inexrerienced, rushed, and careless users all terefit frcw
this feature. It alsoc khas daiszdvantages. [t 1is uasually
slcwer, tecause the user must scan lists c¢f, possitly
unfariliiar, cptions aend mexe selecticrns. The selectiorn
mechanisrm adds to the overnead of tne chosen creraticn.
This mode is more cumbersome to use, because the ccntrel
rath 1is gpredetermined, and shortcuts are not easy, ;ernars
rot ossitle. It will affect 11ser flexitility, tecause tne
ccemmands and ortions offered will tend to be general
puarpocse. Tkis rode is preferrei for casual or inexperienced
users jrirerily interested in accemplishing the task at
band. It can alsc te useful in system tutorials for new'
usSers.

Machines that d¢ nct have & state of the art user
interface are not agaopeless; but they do need aelp. A
scttware 1interface packege can te cverlayed upcen the
orerating system. It need not adversely affect system
perforrance tecause it will te active only when the systerm
is ‘tetween modes. It will take space and slcw parts o9t tne
rresent system. The idee is to display menus, soft ‘truttcas

and pull-down windows on the screen. Tne disglay contents

are cues to aser choices. For instance, a occmputer user

exrects to be atle to lock taorougn ais files; ~rite, edit,

compile and run programs;s compose and edit dccuments; ccopy

b I ' T W oW 4 =Tt
OS]

}togrars and dccuments (electronically ani irinted); ana get
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cn and of?f the cystem. 1legariless of ~hether the system

\ ]
*
y e el

Ingd

53 ccmmands tc d¢ thcse things are easy tc lsarn and remerter,
; the new user 1s unlizely to xnow the correst c2ommana ard
- therefore 1s unable tc use thne system. Yel hLe Znows what ne

7
A
)
Sty

& 4

wants tc do anda now to do it manually. e 1i¢ missing tre

‘l ‘l
.

key tc unlcck the power of the macnine. The cleim is: Ee

should 19t need specific kaowledzge atout toe machine, or the
orerating system tc use 1it. The wuser 1s ncrmally not

intere<ted in processing details, only in getting ais job

v Dalr s o
""‘F . e
‘. ' « s 9

done. He should not be ©turdened with ccmuuter-spezitic

N LA
N

0

. detalls. The machine 1is supposed tc make his jot eastier. In

fact, gpresent computers ada a layer of zomplexity to most

Jots.

f; The interface overlay easiest to imilement 1is menu

driven. It can <te enhanced to a full fledged metazhoric
interface {f the machine is sufficlently fast and has the
resoarces. A pisk device (mouse) 1is preferred; btut not
ecscsential. The pick decreases reliance on the keytcard,
decreasing user ajpprehensicn. A1l menu: selestions ere
labeled with generic terms, recognizatle by a troad range of
users. The specifis system is hidden oy t*e functional mask
of the 1interface, directly emdedying tne first Parcas’
;rincizyle of information hiding [Ref. ). The overlay rneed
nct, in fact must not, te static. A static irtertace wculd
necessarily te slented towara a specific user group. To
fncrease tke user dcmailn, tlexitility is essential.

Instruc-tional messages intended fcr a anovize caucse aanoyance

24
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and irjatience in experts. The same tlexitility should also
allow tne expert t¢ call or availatle aid1s, if .e so
decides. Though the mechine controls the nurter e2d tyre cf o

rermands allowed the user is <till in ccmmand.

#. &BEO0RS .

Error nandling and rejorting is tne most <crucial tacet
¢f man-to-rezhine communication. It is easy to inspire user
cenfidence and calm when everytning 1is w~orking correctiy.
The test «¢f z2n interface 1s how grazefully it behaves whern :
something 2ces wrong. The classes cf errors are defined for
the tyrical ccomputer system. Some more exotic error
treatments will te touched on afterwards. Three classes of

errors are readily definable: superficial, recoverabdls, and-

- ’
PMACARR
L]
A

fatal.

1. 3ZIrrcr Tyres and Remedies

o,
Surerticial errors are caused ty user carelessress {z
or ccnfusion., They include typographical mistakes, mistaken x
selections, and ocut of sequence actions. Tney are easily ::
detectatle ani1 correctable, 1in most cases. Typograghizal 2
errcrs may te caught ty either the wuser c¢r the machine.
“istexen selections are legal cperations, but rnct the cre —
the user intended. The orus is on tne user tc ccrrect the Ei
situation, tut the system can helyp by allowing the user to
quit a1 cperaticen ¢r sequence at any 1intermediate pocint. =z

Cut of <seguenze azstions a22cur when a user fails tc dc a

necessary intermediate step. For 1instance, ne tries tc
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execute a source file witacut first ccempiling it., Tzis
error 1is jreventatle, tct the designers must irclude e
explicit features to do so. They must try tc aulicipete

USED jcticns, previdirg aprrepriate renminders and

prccedures that illustrate tne prceper sequence, If tne user

learns ty his wistakes he is less likely to commit the same —

errcr titwice.

Recoveratle errors are nct discovarea until after E;E
tke fact, tut may te undone by sore Means tc get tack tc the T‘%
startine ccndition. This is a much larger class of ,rotlems é;?f
and requires more ambitious methcds to fix. The metnods '
usualliy involve restoring wcrds, lines, or small tiles that 554
were erroneously changed or deleted. Ine recovery ;éf
techniques involve 1ntermediate tack-up. Small entities igé
like words and snort files can be temporarily saved in a ;i;
tuffer until the projer result 1is ccnfirred. The stora,: ) ;;;?

cvernead is not unduly exyensive, relative to the confiience

the arility to undo the operaticn inastills {2 <the <user.

Larger files car be tacked up on disk or ta,e, tut the user

must usually take cvert acticn tc dc sc. A small class cf ;kgj
fun-ticns may be inverted, i.e. run tackwards, tc retrieve 2]
< oo

tae iaput from the results, tut that is an excepticn. E§§1
Tke final class, fatel errors, are ncn-recoveratle, ;Qéﬁ

or ere soc difticult to reccver trcm that it is nct worth the fij
exyense. Trhece errors must eitner be prevented, cr the user ;?ﬁ
waraed of the -conseguences tefore they are executed. For féﬁﬁ

exarrle: a user decides to delete the entire contents of a

.............
...............................
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direstory, and imprudently uses the cormand delete *.%"
without realizing he is not in the directory he intended tc
delete. The cocmmand is legal and tne syste= will execute it.
The system desi;ner must have anticipeted this sitiation ernd
inclvded a mweasure of jprotection. To warn tne user tze
csystem should respond with a message similar to:

"WARNING, delete *.* will delete all files in direc-

tory:

{directory name>

Confirm intention ty pressing the left mouse cutton.
Press the right mouse btutton to atandcn command.

Where <{directory name> 1is the curreant directory. This zives
the wuser an cpportunity to ponder his action and reinforce
or abort nis decision (ard save himself constdetablei
anxiety).

Another type of fatal error is caused by hardware
failures. These errors are becoming less common, but car be
heart-stopiers when they do cccur. The only remedy for this
clacss 1s a corrrenensive tack-up pregram, exrert tecanical
suppcrt end a dose cf «ocd fortune.

2. Ideel Error Respomnse

The ideal response, in m¢st cases, is no overt
response to the error condition at all. Toe mactine kacws
what the user intended (tased on the context in whicn 1t
occurred and tecaucse the suspect word nearly matches, or 1s
an alles for, a knowrn word) and carries out 2is reguest,

ignoriag tae user’s misspelling or command syncnym. A modern
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infcrmation atout the error type and location sc that the
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interface desiyn shoulas specify & more jpartitioned resjcnse. gg
A rew user, or cne learning the system should te presented a §§
reminder of the prcier syellinz cr command. Taat ccula te L
dcne ty having trhe system substitute the correct ccmmaernd ;ﬁ
word at tse ayprorriate spat, fer instance. The Iaterlisy iﬁﬁ
system rerzeives tre user’s intention, requestiag ;$
ccnfirration of sielling correcticrs it mases automatically ;?i
{Ref. 6]. 1In operation it seems urcanny, as though aanother Eﬁa
jerscn is watching over the wuser’s snoulder. Interlisp EL
demonstrates the power avallacle within the machine, btut the j‘ﬁ
rescurce costs assoctated witn it make it impractical for ff#
most ricrccomiuter btased systems. A more accomplished user t::
might turn off the reminder feature if it annoyed him, or if £§§
1t sped up his job. An even cetter method is not to use the ;%;
keyboard at all except fcr entering text in a dccument cr Eff
names intc a  program. Compller errvors will Doeccme iéé
anacnronisms, as more syntax directed editors tecome iif
availatle. The emphasis 1s now turning to run-time error Eff
detection and correctior, a mich more 1troutlesome and Igﬁ
d1£ficult prodlem. R
To te helyfil tke machine must zrovide ecough W

vser can attempt to find and correct it. That implies the o

ccmputer must rave Kncwledge of the prcyram, as well as rav -
tnformatioa. Uaforturately, the artifizial iatelligerce o
jrecgrar required to perceive the user’s inteation frem all : @%

the data on hand would seriousl; cverload all tat the most
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jowerful mi~rocomiuters. The machine usually has sufficient

raw data atcut the errcr to wrcvide accurate iafcrmaetion
atout the yproblem. The infcrmation 1is ucaally 2ot ir an
understandable form, System designers have teer relictangt to
jrovide tae facility to dc the jct of translatica, tecause
it bas teen considered tc e wasteful of grecisis resources.
¥or example, many mcdern error hendlers respond to an
incorrect address call wita: "Bus error(core dumped) . wanick
sends the aser Ltack to his prcpgram;y or worse, tc a
nexidecimal core dump, to find the fault., Most systems are
cepatle of ¢ “Address out of ‘tounds in sutroutine
<{sutroutine named> statement <statement numberd”, 1if the
error handler has had the prc¢yper erhasis from the teginning
of tane design. An artificlal intelligence based debugger:
might respond as in the rrevious statement with the addition
of: "... expected <address name> . The iltimate response
might te a warning to rnotity the wuser to verify the
corrected address. In the recent yast the designer’s teeling
has teen: A rinimal error handler is adeyuate tecause reail
prcgratmers will figure it out. That 1is ac lorger an
acce;table attitude on any design tear. ThoSe resources are
ncw exyendable, translating data from one form t5 anotaer is
one of the machines strongest attributes.

On line detug ing tools nave teen sore of the mest
obtuse rrograr development aids ever devlised. Single
scurce-statement stepiing tecaniques (from compiled ccde)

are some of the easiest tools to use, but are not widely

25
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availatle. That is the normal detug mcde o¢f interyreted
code.
3. A Specious Notien?

The notion that mistagzes can oe r2du-ed by providing
rewards for correct perfcrmaice and t, punisning incorrect
jerformance seems' to bYbe ajrcios in learning to 1se
zomuters. The conzept of rewards and punishment is well
fcurded and widely accepted, tut in this context must te
extremely sudbtle. Initial attem;ts will probatly fail. One
prcposal is to reward correct tehavior and jrcvide correct
usage rrempts when incorrect entries are attempted (Ref. 7).
In thecry it sounds plausitle. The particular imilementation
prcposed by Dwyer aprears to de too obvious. Most human
oreratcrs will chafe under tae nction that the machine is-
disiensiag symtolic pats on the head. Tne issue is wno is
in contrcl, the user cr the macnine? A tetter methcd is tc
allow ccrrect rperformance to te rewaraed with obtvious
progress. Incorrect performance should te aifficult or
irjossitle. Allcw the user to sel experience level xeys or
let the system recognize the vuser and set an exierience
variatle 1internally. User selectatle o,tions are test.
Various levels of experience invcke different guidance tor
eaca vuser action. The nction c¢f rewards must te very

~autiously implemented, and oaly after extensive testing.
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III. ®~AN-TO-MACEINE COMMUNICATION e

Man-tc~-macnine communicetior has teen the dividirg
tfactor tetween cérputer wusers and non-users. FPast (and
;resent) corputer <command ard jrogramming languages are
cryptic, confusing, difficult tc learn and nearly impossitle
tc rememter. Peorle are not rentally equijred to learn
things 1likxe that. It is eszeclielly frustrating to leara =
yarticular set cf commands ard their idiosyncrasies only tc

forget them almost ertirely during a fortnight of non-use.

The reascn fcr the irhuman lexicon in the past was lack of

storage s,ace. There was rot encugh space to do all the: iii
things that had to te done, sc the sacritices had to e rade zigj
by users. The former extravagance of more understandable fjfi
ccrmmands has teen made affcrdatle ty the microccmputer ggii
revolution and the shringing microchip. Sufficient memory EEE;
and prccessor speed exist in all tut the smallest machines. %Tfﬂ
Ncte that the comrmrand languages transcend tae mere tyied Eﬁgj
code werd cr p(hrase. New methods of impressing the 1cer’s ?;ﬁﬁ
intention on the macnine involve csome very Luran S
atstractions, e.g. jpointing to the 1item of 1interest. i;i;
iegardless of the methcd invclved the newer ccrmunication E}%E
forme have teen kept from wide wuse Tty the expense of :jﬁ
harédware. That 1s rc lcager the case. aﬁf
o
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k. INBUT DEVICES

There are many kinds of ,hysicel injut 1evices:
xeytcard, Joystick, 1lignt-pen, wmouse, di,1tizine rad, and
tcuch ranel, to name several. A more complete d=sscri;ticn i
included in [Ref. 4][Ref. 3). A trief descrijpticna will
cuffice here,

The typevriter keytcard is identified witz the computer
tecause, even tefore widespread {rteractive ccmputing on
telety:e machines, key-junch machiney :cre 1se1 to create
cards that the machine could read. It is the classical
compyuter input ievice. AS such it s a first cholice ty

ccmputer syster designers. Mcst computer users expect a

keybcari as part of the machine. It may kave from 49 to over

1¢¢ keys. The upler and lcser <ase alphadet and digits ferm

@ to 5 are included, as are mrst  Lunctuation marks. ¥cst
keytoards are encoded with the ASCII (American Standard Ccde
for Informatior Interchange) character sets. The cther
standard character set is FFCDIC :(Extended tirary Coded
Pecimal Icterchange Code), used primarily ¢y I2M. TIhe
eracnotics of keytcard desi.n was decided terore the advent
of the computer. It is a result of typewriter design, and
is locked into 1its familiar, ©bat awkward QJ/ERTY laycut
tecause of the costes and pclitics invclved in having reople
learn a rev keytoard layout. Other designs, mcre sultacle
to human pnysiology, have rot sanswn sufficient improverent

over the starizrd to te considered for wiide apiplication.

o




A S e oy SR ey v hows o
SN e N e T T T TR T T

A

e DR

R ..'

’
, -

."n..'.. B .
RS RN

A s o

e

The most likely fate cf the %eyboard is that Q¥ERTY will te
syjerceded ty voice injut.

The Jcystick is a holdsver 2evice frcm the era of araio,
cemputers. It is a stick mouated witz two degrees of
freedor. Metion in elther of two Lerpendiciler directions
ceauses & wiper arm on a poterntiometer tc¢ mcve, chenging the
resistarce. That resistarcze is convertei 1into a digital
signal and fed to the ccmputer. Thus a Joystick can
rerresant a pcint {n X-Y spage easily,and so can te used tc
rosition the cursor. As a curscr controller the joystick is
a memrter of the locator family cof logical devices.

A light-zen is a light sensin, device used to denote a
jeint on the screen. It seases the light emitted when the
electron beam strikes the screen phosphor. It 1is shapedt
life a 1en and has a tanin wire tundle attached to the end
o,rcsite the sensor. It shines a light from the sensor erd
tc show the user precisely where it is aimed. A light ien
is most often used as & pick, though it may also te used as
8@ strcke, 1lczator cr valuater device, The light pen hes
fallen cut of favor because it is more expensive and fragile
than & mouse. Zecause it is sensitive tc all light, act just
tre light generated ty tkhe CRT, it must be kept in a rolder
or stand when not in use. Thaet means the cperator can rnct
Just set it dcwn tetween wuses, 1life hre can a mouse or
Joystizk. Another light-pen falling 1is it may tecome a
missile hazard if used in e a:n-tenign environment, e.g. a

chip, aircraft or 3sutemcbile. The 1light-pren was once a
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*reektharough in computer control. It is tein, regzlaced now
ty the mouse, a cheaper more rotust devi:ce,

The mouse is the new darlirg »f the <compiter 1interfece
designers., It coffers a fliexitle and relatively inexieasive,
means to coentrol & screen cursor. The curscr is ther used
for most interface functione. Tae rouse is mcre exjensive
than carsor control via a keytoards but it enables a control
mcde that 1s much mcre clcsely attuned to auman cognitive
yrocescing [lef. ¢]. Conseyuently, 1t is much easier to
use. It alsc suffers the missile hazard prctlem of tzae
Iight-ren. 3Sut a user may leave the mouse where he last
used it, withcut fear c¢f generating spurious input, as the
light-zen right. Tre numter ¢f tbuttors to place on the_
MmCusSeE is argouatrle. Three %tuttons seem to te wldely'
accerted, but one and two are also used. Tae de:zisiosn saoald
te made on the tasls of the expected user group. The
argumeats range from One tutt>n may be less ccntusing” te
“The scttware may te easier to write fcr three tuttons.”
(Ref. 1]

A digitizing 1rad 1is wused to translate grapghizal
irformation 1into a machine-readatle format. It is a flat
surface with either a mouse or stylus connected. Lrawlings or
¢ther graphics infcrmation are placed cn the surface, then
}oirts are read fror the drawing usiang the rouse or stylus,

dixitally encoded end transmitted to the computer., A

digitizirg pad can double as a mouse type curscr controller.
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Touch .erels are @ recent addition to the world of
ccmputer input devices. Twc different technologies are
1sed. One uses transiarent iressure sensitive memioreaes
adhering tc¢ the surface of a display screen. The otaer
version is made of two lirear arrays of 1laser dicdes,
arranged at rigkt angles, tzat form an iavisitle gzrid cf
intersectireg 1light teams on the Jispley screen. A firger,
or any other cpaque otject that interrupts one oOr more beams
is interpreted as an lnput signal.

The major disadvantage of touch screen jpanels is
resclution. To keey <costs W#ithin reason, and to offer

acceptable resolution (aprrcximately three cr fcur lines per

inch) the touch ranel is suitatle for use as a pick device.

Higher resclution is possidble, tut costs escalate rapidly.‘

If resoslution is finer than a human finger tip, a styius
muyst te used tc irdicate user selections, tc avoid ambiguity
and spurious ingputs.

The ultimate in cursor control is a  “rc-hands”
centrcller., Implementation is by means of a4 hat ccntalning a
senscr that d1etermines where the user is locoking. Most use
a low jcwer laser reflected off the eyeball to read eye
motion, which is translated intc a screen position. This
mcde c¢f operation allows the user to keep kis nands on the
keytoard, a ‘teneflit for accomplished 1typists. No-k&znds

~UTSOT centrcllers are  just 1aew tecoming commercially

availatle,
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N ., COMMAMD LANGUAGET
. A comrand language is the mears.ty which tne zomputer is
I made to do vseful werkx., £ typical computer comméend lan,usg®
N is designed to implement furcticnas. Tuose functicns may te
simpyle or coﬁplex..lsw level or kigh. Language desiygr tesed
. on gramrmatical, syntactic and semantic properties ¢f anauran
language tends to gererate ccmpater comrand languages trat
. lcok like spcken language. In the past hardware limitaticns
i drove comrmand language design decisions. Now, new hardware
; caratilities are allowing a tctelly different language moael
?. in man’s quest for more natural computer use. The command
langi2age atstraction is moving razidly toward the human end
of the man-machine ccmmunicaticn channel. The trend is away
: from comraod words and yhrases, and toward a command
i rerresertation that emualates tke enviroament. The things
| the machine can do are teing exrressed in common,
ucrderstandatle terms. In scme, words are not used at all,
i plctures and mction, tased on the well known retapher of a
desk top, suffice to define an unambiguous action tae user
wants the compuier to execute,

Jormand lenguages may teke many fcrms and te implemented
ceveral different ways. Machine control methcas telos the
precess lcgical level will not te discussed naere, tecause
those details are not useful to the general user. In tnis
ccntext a process may te thcugn ¢t as the logsical emtcdyment

2f a Jser command., Typical processes are: l1loggiang ontc the

Bl 0 O 0

machine, editir,. a file, editing ccmmands within a file,
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trcwsinag a file, executing & gircgram, etc. Tne mcst cemmen
command language implementations are enumerates celow.
1. Sirple Cormend Language

The simplest cenmrand languaxes use cinsle character
ccdes to represent legal cperatioas. Tae test attempt te¢
apply rnemoric tagé; tut tnat is ditficult with single
characters, €e.g2. E cculd meaa edit or erace - two entirely
different cjerations. Single character codes are 210 lcnger
used as computer command languages; but are still widely
vsed in interactive editors, detuggers, and various utility
irogrars. Single character codes minimize typing.

The next most simple comrand structure uses multiple

character ccmmand names, usually between two and five.

Mnemonics can tegin to hely wusers differentiate commands;

tut they <tlill need handy reference material.

Full word command lenguages are the easiest to
remember. The functicns are inveked simply ty eatering the
rarme just as tefore; but now the function neme 1is fully
syernified. Stelling and attreviation pe~uliarities are nc
longer a corcern in rememoering a function name. This mcae
can te enhanced t¢ save typing. The machine car f11ll tas
trailing part of the command werd or phrese as socn as it
recognizes an unamtiguocus leading character string.

The factors that serarste a good zcommand language in
this rategory, trem & tad one rest in the syantax and
cemantics of eack. Syntax rules 1like the zero, oue,

infinity sgprirciple” ([Ref. 3] , and command structure
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secnsistency can te irgcrtant aias to learning and use.
Ignoring simgle rules lixe  thet ~an result 1ic an
etomination. Learnine tc use simple ccmmand larngua.es is .
almost entirely a remory funztion. [The lucer must escociete
the tnin, a2e wants to do witn the correct function neme and
syntax. The early stages of the ;rocess are very trustratinag
tecause the aser wust constantl, refer tc docurentatiocn for
helyp. Even 1tne most regular languages still require a
learning reciod.

<. Furction feys ard Prcoremmatle Keys

Function keys are the nardware designers answer 1tc
tre difficalties of 1learning command languages. They are
usually additional keys on tce «eyboard, taat may or may not
te lateled. Furction Xeys relieve some of the short term
memcry ;rotlem but they add to the user’s initial confusion
and irtimiaation. Some tre xeyboards in systems that ase
function keys are awesore. After learring the extra button
mezaings and locations thes are generally eass to uase. They
2lso tend tc limit system flexitility, tecause the user neas
70 control over the fuacticns. Tre inflexitility is felt in
cther vays tcc. Users whe initially use tne system tecause
the function keys are self exrlanatcry often tind themselves
disenchanted when they have outgrown the ncvice-user stage.

Fregrammatle turncticn keys are a partial solution to

the ,rotlems of function keys. They allcw additicral lﬁ*
tlexitility for tctz the system desigrers and ia most cases

the users. The 1rlexibtility comes tecause each key is no
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loager locxed 1into a sirgle tunction, Fach ajplicetion S
jrogram may redetfine the f£eys to.suilt its neeas. Ir many
cases the user can derine keys tc suit ais neecs. e NET —

tunction <«eys are needed Whicno reduces tae users initiail

awe. Urfcrturately, now the Jser is faced with a

memcrization g[pretlem agaein, unless the desinners greviced NG
for varlable latels tco. | i
Function keys and ,rogrammatle gxeys are &n atlterpt :
tc corpact more functionality into a fixed capacity. They —
are a coriromise, they ada to eyualpyment costs, and they make : K
the system unique tecause of the added keys. Scmecne used f
to a gereral purpose keybcard may have diftficulty adapting. ;¥4
-

That 1is not a failing c¢f the hardware, tut a user interface '"

cocnsideration. Systems with fixed function xeys tend to ce

aimed at ncvice ccmputer users. That translates into: 0Only é;;
novices will tse the system. Too much attention paid to a ;?;
particular user sexmeatl usually means the rest et SS&
neglected. ;i;
3. Merus
Menus are tae software designers ansser tc tne short {;f

term memory prcblem. They have advantages cver the fuaction G
key solutica, Put they elsc suftfer scme c¢f the same ff;
flexibility rrobtlems. They can be variatle size ana lengtn. ;g?
They ere more self-explanatery than Keys, tecause tne ~

dec<igner 2an write mecre thar a single word or attreviaticn i
in ap entry. Like zeys they also channel the users activity ii{
intc predefined patrs that may te difiicult or impcssitle to L;_
N
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gejart. DJesigners must te caretul rot to take the mMenu as a

final sclution to <corrand Lénguage prcetiens. They are e

useful tcol and when used in ceujuanctiorn vwith otrer daevices
can hely create a pcwerful environment. They can alsc te a

nuisanze., Iscaie sequences frox several lajyers of menus :can e

R

te jarticularly devicus it the user is not kept infcrmed ct —=q
X his whereatouts in tre hierar:khy.

4, Mecro Iastructicns

_: "Macro instruction” is a term coined tc define a —
= comtination of computer commards, used frequently, that ray

corceal intermediate results. The term was first appliea te

assemtly language programming; but is used at all levels of
ii computer language now. Macro ianstructions are the key tc
user flexibtility. They &are an easy way for the user to
customize a system to his personal desires, Unfortunately
they are sore of the hardest things to learn atout & system.
The reascn is somewkat self jperijetuating. New users rarely

write their own macsro instructicns, though they may use some

. elve ts them without realizing it. They usuelly ere unaware EQQ

of the existence of macros. Experienced users use recros

extensively. Tney alsc #rite the documentaticn atcut hce tc .
write and use macras. Have you ever tried to read system N

¥ docurentation? If yocu hnave, row Yycu know why only jf%

exjerienced users use macros.

u 5, 1lccens

Icoas transcerd written langiage. In the coatext ot

somputers they are small uncomplicated sketches that

B 4¢
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represeat ccrmcaly kncen  ideas. Lnderstanaable cres are B
sy;mtols that represent a particular metapzor. Iccrs are all ;
around us ir life., Tkey are especially heljpful wrea tirying il;

to 2ress 2 langiage carrier, as is demonstratzi Gy

interneticrnal rced signs. An urnfamiliar <uvser nmay act te

atle to decipher ar iccr at first; cut once he Xxacws its Su
definition e will rememter it wvaen ne sees it again. Trney |
are tne easlest 1interfaze device tc use; tut 1lace heavy

demaads cn hardware rescurces. Icons require tit-mapied Lil
cscreen and fest <cecondary storage, as well as tlerntiful

primary storage.

5. The 5tate of the Ar

let
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et :
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As stated, the derarture from ccnventional ccnputer_
command languagdes 1is a result of vastly more ;owerful'
ma-hiaes, eseclally microcomiuters. Object-oriernted ;—;
interfaces 2ave captured the imagination ctf tane industry.
They ertody muzh of the rovelty and gee «hiz" excitement of

arcade video g3zames, yet are aimed at erntirely practical

puPpcses. wizzywie 1is a term for this family of command L
lanpuaqes, from the phrase: 4hat You See Is what You Get'
(AYSIw?3). The user is not reguirea t¢c oring anything teo :
the machine bdbut ccrmmon sense ana & jotr he wants to dc¢ (wnich

tne machine 1s caratle of). The language he uses simulates

maruels; doing tne task. For instance, tc prcduce e new

gccurent tne user selects tce picture of a tspewriter from ;;
N .\..‘

the 1i-cns displeyed. Uren selecticr ¢t tnat icon tae RN
compater recronds ty enterins tne wori processing mode, at o
41 e
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;3 the tc; ©f a clank ;age, The iser may be.in tyyiag as cozn i;
- 2s the displayed pe.e {s in ,le”e.: Tre keytcerd is :zic %é
E' srewriter, the screen ris ja;er. ©Character ara wsrd delete - 2:
E? keyc are used for ty;ing ccrrecticns., ;:
§ Lar,er editing functiores, e.;. line <:acing, tf.nt ;%
! styles, text insertiocns and deletions, are mouse centrcolled. &i
; The function is selected witn tze mouse. Taen, tegian ani ?T
_' end text ;oc<liticns marking the range of application are ;
~hocen, alss using the mcuse. As the mouse ‘tutton is ;4
i; clicxed, confirrin, the ranxe, the function iIs executed. %
i. The results arpear in tke text, witnout any further wuser
ection. éﬁ
.
The #izzjwi. editor descrited zere 1s the state-cf- e
}i the-art 1in word yprocecssing software. It 1s rot 1nexpensive.' }.
‘ tut 1s aftordatle., The APPLE MACINTCSE s scld with e ' }Eﬁ
version that, while restricted to six ircia lines and ten ETF
? rages, offers @ll the cajpatility descrited atove. Ncte .
though, the research and cesi.n effcrt that developed that éﬂﬁ
\
; ed¢itcr was the -culmination of cver a decade cof active ;?
E jarsuit, ani the editor is nct transferratle t5 otier 5;
3 mizrcsemguters outside the 2P2LT femily of  "2Z  pit I
?S rachines”. It does demcnstrate wnat 1S possitla ia a fairly ;E
f; Trodest but capable micrcocm,iter-based system. Sadly, tnis ﬁg
3 clacs 2f edirtcre are not generally availlatle tecause taney dc¢ #;7

ret exist for Tost Tachines, yet.
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& User ccntidence ia a cimputer system depends tctally «cn E;
E 17w re views tze system. Taat confidence tuilds in stages EE
3 teinning with tne user’s tirst experience with tne machire. cf
E If the hardware features are close to his erpectatinns :is %?
?f ~ernfidence grows; hardware ujeredes carn te had later. If if
the s>ftware 1s availatle ¢fcor that macaine tc do waat ae :%
'? vants ard neeis, he 1is &galn tolstered; software s éﬁ
- relatively inexpensive. If the user iaterface is aw«ward ifi
the mazhine will gather dust. 3Some pecple are willing to fﬁ
;i make allcwances fcr every part ¢t the rachine excgept the: kﬁ
Z? interfase, tne part they can 1ot toucn or really cee. ;;
-~ e
: reoyle, esgecially trhose outside computer sclence, will 1ct —
5 wrestle with a machine, even is it is sujpssed to te tetter. iﬁ
; If the aser interface is crucial tc machine accegptarce, -fi
s it is even rwore co for acceptance of software ajpilicatica ::
ﬁi :&C%3ges, The feature of the icterface that .ec.le ,erceive }g
; is the dielog, defined as the ccnversationel wmcde «<f ;t
= smmunication tetween the user and computer. Regardless cof iﬁ
fE 2ll other hardwere end syftvare censlceratioans, if the ff
; 3ialog 1is <clursy, unevealy ;aced, t0d tightly machire E.
- controiled, or otherwlise unapzeeling to the intendes users if
ii the, will perceive the machine toc te "tad”. The;y nmey -nct §§
:5 even te aware c¢f way trey fesi thal way. EE:
42
:’ - '."'.'-"'-‘\-’\l'.'f 'f's"'-"-‘" AT TR o SRR AN RSOGO AN 'S‘




Intertaese dielc,. mast acccrmedate :ser .sycaclosy. Tre
ctatement is <simple, tut the aryliceticn o¢ toat statersat
is not., With sxill znd artifi-e the corpiter ~3r te [ reoveld
tc arpteél 1¢ the hupan psy~zne, end taet 15 what mciera

faterface design is etroat ... ¥a3IC!

£e STAETING AT THEE EZGINKING

Two> dictinct diaicgs exicst at tae cemmualcatica
irterface. Tazh is tetter suited to diftferent <ituatiors,
theuga neitker is totally #roag in any case. The telling
factors lie with teth the user, his computer skills, ania ~is
intent; and also with the mackhine, {ts <cajatilities, and
purpose. Cne 4ialog 1s <zom,ater initiated, the cther is
user inritiated.

The mrachine initiated moie, Mmeantioned in chapter I, 1is
the gpredcminant ore 1n e mcdern irnterface. The strca,
attritates of the machine are troight t¢ the 1interface tc
hely ~crmpensate fcr the vuser’s weakness., Ey displayir,
lists, the ~cmputer’s accurate recall is i<ed tc nud,e the

»

user’s mercry; atout the eaviroament, -ccrrmands, lcgicel

'3

;ositicr, and various cther deteils the user needs, Cat has
difficulty keepin, under ccatrel. If the emcuat ct
assistance rendered 1s user selectatle, the designer thas
1laced the ucer in de tacto ~ccntrol of nis envircament. 1If
ccme of the levels of help hap,ern to te tutcrial, the system

teelns to ererge as much mere thar just a srmart t pewriter.
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The se7ond roie 1s Yuct ciiccite, the .ser initiates the
acticn via a comrmand sequence and tre macaire respoads. 1Ia
its jure forr, this mcze relies erntirely or whzt the wuser
gkrcws eatout the system., It ic the mest comme man-macrzine
interface 4i210g. 7The reasons ére histcrizal and ecorncmic.
It reguires tewer rachine rescurces and, accerding to Fcley
and Van Car [lef. &, ;. 227], it cests less, because the
machine need act store eny infcrmaticn explaining commends
in human terms. The burden is placed on tae man to csaform
to the machine oj;erating environment, vy 1learnirng 2ani
rememtering machine ccmmands. withcut the jproper commands

znd rales to use them, the system ls less resporcsive than a

pocrtatle Srith-Corcna electric typewriter hooked tc a

televic<icn. ¥odern interface design iractices dictate

limited use cf this mode.

Thic mode does have its jlace in a <¢omyater 1interface.
There are exierienced users thet will alweys rely cn their
own sxills. Tke tare system will protadly te faster, thLoigh
mistaxss will te Tore <costly, 1in terms of lcst time and

dasted effcrt. Less exjerienced :sers may experiment Jith

1

r

it, 2ni1 oight tc have the o.,ortirity to ea2c=ss it wh

‘D
s}

ey
are ready. Everyone shculd experience the thrill ¢f werking
without a net.

ccrputer users need nct despeir wuntil the wizzywie
2oncept iIs expanded to eneric software jacgages. Taere are
rany thing.s that <ce&a te <dcre, «with scme effort and

ayrropriate rardwave, 'O eace tze iair -f learninz corvmani
45
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langu2ges, or t7 ~ouceel ther from the ucer., The firect, znd

[N

rredcminant, hurdle tc cvsreime {s shcrt ter~ memcry. The

fcllowing memory alds cean te implerented 5a zry 1ercecnal

o -

=g

ccrmputer;y hardware required 1is minirsl. The de,.ree of

memcry assictance tc implement i< a mejer design d4ecisi-n,

PRRCIIE. - At

for tw«c reasons. In the eari, ste,es cf lsarnin, a ccrputer
system, chert term memcry #274Ss  at  cdds  Jith the ucer’s
atterpts to learn. he 1is ccnsteatly trustrated ty ris
inatility tc reremter ccmmands, <yatex, and minor detatle of
system use. Memory aids st this learrirg stage may te
either extensive and detailed, t0 give the learning user all
the infcrration he reeds’) or better, the system can hide the
detail, ¥eeping functicas atstract and general, t¢ relleve

the new mn<er fror detalils he dces rot need or care atout.

- Tre major design difficulties aerise ‘btecause the nes vuser
- ices npnot rerair a novice fcrever. Within days cr weexs his

needs and wants will te drermatically different. %“ithcut
care, Tevrory alds can bvecome vecraciozis rescurce consumers.
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The simplest memcry &12 ts a& displayed iist cf

@ LS.
et

W
.t

cemranis. The 1ist removes the turden 2f 1Leejing several

1
s

tarely familiar command nrames separate. ivery icssitle
" ccmmand need not te dic<played. A com.lete sutset {c1e

ge€reral ;ur,ose commani for eech avallable o,eraticn) is
adeguate. The displayed 1list 1s only that; the user must

still -hcose the prozer comracrd, =2rd =ater it via the

R A A R AL RN

zeytcard, Nothiny mcre thar tae comrani «ord is shewn ¢cn
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the list. Tne only rrocessing izvelved te sujp.ort  tais

A 1

)

P
2.

methed 1s writing the list tc %re Screer ar? maintaiair, it

trere. This rmetao0d is lessz usstul tec the =cvize, but {3 the

(&)

P v,
.
» P

least exiencive to injlement.

a., ¥ith SJntax

[RAGO08

Tve firet lcgical extensizn ¢f the list avave ic

to 1is.lay re,resentative cComrani syantzx. If ceveral

.

cptions are accociated wits: the cmmand, dis;lay the -:cet
seneral one. XFor examzle, tre UNIX VI screen elitor,
‘delete’ comranid might te displaryed as: ‘néw’. The uc<er
can now o tegin to see some of the options that he may uct
have rememtered from his reading. A casual user, who has
not uced the <system for a few weeks, seeing the syntax
example with tne commané is mcre likely to recell the syntax:
rules for the c¢ommand (assuming the <yatax riles are
regular; they are ir this case)., The failirg of these first
twec metheds {is thet the user rust Krow the commands tefcre
he gets mucn tenefit from eithe~ form. MaeTconic commarnd
rémes can helps rut scretkin, ncre is needed.
t. with Exilanaticns

Tre next possitle erhznzerent is to 232 a cre
scrd or short gphrase cf explanaticn for the cormasd, e.,:.
“3dW’ - Delete n words. Tws faztorse affesting the decigr
rust Yte ccnsidered: sprace and interpretatioan. This forr

takes Tore <race. Fewer commands may noW te dieplayed and

"R
‘e

still jreserve adequate wcrsgspece. Careful decisicas rust

te mades to irnzlnade enough infermaticn in as little space as
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rcesituie. Orce a.ein restricticns are imp.cseé¢ Yy the

equipmeat, rov caused ty ypayeizal display area 2:zstrad

[+1]
for
)
prs
"
.

. Taken literelly, a zovice rmi,ht Tisccnstriz tre
cemmapd  tC mean it celetes N:im2c tzat tesin sith tze letzer
?5 ‘a’. TIhe desizners must make scme assumytiene atcat cer
i entry level reascning and exierience. Tret dces nct r=an

tre decsigr and implemerntatior w#i1ll te aniversally underst--4

as 1intendeé. In tris mcde the ~lass of errcrs eneratec ty
i micunderstoz? cues is  still 3 iroblem. How <houla the
machine react tc a 1literal “rdW’ commend? A usage n:ite
displayed withk 2 page c¢f commarnds exglainirg that “n” is 3

variatle that may ‘te comitted c¢r rejplaced with en integer,

N b PEVUR SR

may te sufficient tc prevent the error. A teep cr screen
tlink will irotatly nct te relpful; tecause the user vas
i exylizitly following the s11dance. Testing, neing
rerresentative sutrjects, wiil saov which alds ere needed and
where, identify <cmmon errcrs, and inaicate 10%5itle

B remedies.

- 2. Tae Result

wn

¢ Far

What has teen accempliskred, and what ras it -:cet?
) That <depends eatirely on one’s pciat of vies. 1ssumin, the
memory alds can te im.lemerted inex,ensively, they will hrelp
new and casual users t¢c te more comfcrtatle usiae cer
). learaing the <yctem. (Inexiensive 1s a2 relative term,
f measurlng e ainst time and productivity lest while leerniag
and relearrin;, memory alide 2are irexjersive.} <©x,erienced

users #ill gi1rotetly ig.nore the aids, jreferrin. tg use the

IR
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area tc exjpazd trne workigs zcntext. The gquestisn of wgetrer
to display a memory sid ty d=fzult or t- leeve it to user

discretion lies in vuser-pcpuleticn cempczitice. It 1tre

)]

asers are iredominztely clemied 2t one enl ~f tre s e:tr:m,
rake t-e defavlt selecticrn svit the =~ein user rcu,;  but
Texe the faczliity selectatle. Tre flexitility is imicrtant
tecause 1t reinfcrces the =ncticn trat the vuser {5 =
cortrol.

! The statlc Temcry 2i4s discusseq atove are possitle
¢n recst ricroceriuter systems, Taey are emplcoyed extensively
ty <everal commercial software jroducts. The aifticulty

[ invclved 1in implerentaticn is s-reen mane,ement, which may
invalve cove complex programming (the meni and work area

must te displayed), tut is worth the effort., Mercry aids dc¢

i nat c3uase any furdemental command leazuage changes bty
. themselves. The user merely scans th2 1list, chccses a

ccmmand, 2231 enters it on the command line. The method dzes
i nct sutvert any capéerility the tasic sss5tem may ,rovide,
cuzh as comrcining several <commaands together t23  suppress
irterrediate stegs. A ncvice need nact te eware of the
features that ellew shortzuts, tut more Xnlwledeealle users
are free to take advantene ct them., Man’s turdean has teen
eased in the early learning stages, but he learrnc low level
system letails as he gains farillarity. The first Jesign

: implications of the <ian cf differirn3 expertice levels are

tecinning to ererge.
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2. Suprressing Detail

tr

The next level c¢f atstractior em.lcys infermaticn
i riding and selecticn, Unnecessary system detalls :=re
concealed from the new user. HZ2 1s recented a1 lict -=f
cieraticns exjpressed irn gereric terms. OCcrmand cheicee ere

made t; typing the <election number or lettier ane sippiyinz

N FACLOVIN

érguments - filenames, directory names, Moditiers, etz2., Tris
1¢ a mcre natural way to invexe aigh level operatiosns like
ﬁ editors, compllers or documert formatting programs. The

user dces nct type the command nrame, only the selerticn

jesignator. Larger operations invoked with less user effort
o separate this catencry frcm earlier methods. A single, user
suptlied, keystroxe causes the computer to change cperating
mcdes. The system hides all detell involved in stcpping the:
trevious display, tidying uyp the locse endce, and starting
the new ircgra¥. The user sees the screen clear and the new
screen airear, Jlust as ne expected.

A full screen editor is normally the first expcsire

8 user has tc curscr control. Ordirarily input is directeld

reen line. In a

]
(¢

or.tc a command line, the top cr bottcm

¢flen ea unders-~ocre,

—~

f screen editor the curscr - a symtol

tax, or reverse video rectangle' - ma, be mMoved t2 any legz2l
%{ character 1locaticn. OCursor coatrcl is usually ty directicn
f keys, marxed with arrows, or function keys. Tazh keystrcke

mcves the cursor c¢ae poesiticn, left, ri.nt, up, cr Zosn.

o Frevision ic made for continuoue motion if the tutton 1is

" held dcwn, Lny screen {nput is echced &t the curscr

- €2
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pcsiticn and the curscr moves tc  the 1ext pcsiticn, A
~ursor 1is nothirz wTore than & symeel ts fonuis the Jcer’c

| attention. The cursor can e trought of as & Lcrtatle

peepkole intc the mechire. It shows the i1ser where to lock.

If 1t is nct waere e wants t> loox, then ne rust move it.

The o021y way the user can ac2ess the machire is thrcugh the

curscr.,

i ) . . -
R DAAAERY

' -
*

Tre featires discusced up to this reint are

routinel,; founi ir commerclial software products. 4 tyii:zal
in<tallation includes a microgprccessor, H4K tytes of 2N
(read-write, Yandom Azcess Memory), and oane cr two Secondiary
cstorage devices, usuvally flopiy disgs. The 7next improvement
requires a herdwere upgrade, 1incorporatirg a ~pointirg"
.feature 1¢ olve the interface a mcre natural feel for rnca~
typists. Those devizces allow the user tc symbolically jpeirt
t¢c scmething dspicted on the screen. The user is atle te¢
celest any screen .ocation with a singles cooriirated eye-~

hand motion. Two hardware devices are well suited tc tais

task, the mouse and llight-;er.

E. A STANTUM HOP
The pointing feature entails more than Jjist  buying e
mouse. What appeers 1t¢ te a small enhancement means majicr

changes to both hardware and surpcrting sstftsare to make <oy

for tre hidden details. <Chatging cursor zxcntrecl modes from
sirgle-step keybecar? driven, to centirucus pcinter driven,

: means mugh mere ccmplex scresen raragement. Jne can net

- 3l
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exgect tc upgrade 3 perscnal nere computer to incorpcrate  a
Touse controlled d1isplay witr wirdows end <till retzin
accegtatle resicnse. To te sure the cemputer r:uld 20 it}
tut winter wmclasses weuld mave 1like the Conceorde 33T irn
ccrpariscn. Te fully explcit trhe pcaer c¢f a jpolater end
cencomitant vindowing technigues regquirtes 1 majer uigrade in
cerputer ca.ability. rluld als;lay switening 2erarde data
rates well tYeycnd that c¢f sraller macuines, as well as
special display management hardware. The f£ull system ujerade
is sutstential. The first corrercial systems that cffered
this cazabllity cost ap,reoximately $120,022 per stetion, 1in
1c78. Prices have fallen dremetically, in 1584, an APFLE

MACINTOSE sells for $252¢, though much less powerful, it has‘

a totally wizzywig interface.
1. 3asic Mouse

4< a pointer, pick, or locator, tie notion of the
curscr changes slightly. It is now & shuttered peephole,
orened by scme ucer acticn, for inetance, rressing a buttcn.
when the cursor is shuttered it may te maved freely arourd
the screen tut has no effect, c¢ther then to ettrect the
scer’s attention. This mode is similar t> the cursor ia the
screen editor, tut now all cursc~ contrcl is frcr the =mcuse
or light ren. dhen used as a rick toe shitter i¢ 2jened
triefly and iaformatior is transferred froT marn-to-maczhire,
and vice versa. The infcrmaticn traasferred misht aave teen
e menu selecticn ard resgonse. The rew cursor ;ositien

intormaticn was trensterred in. The machirne translated the

52
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crvrscr :csiticn tc the menu selecticn 231d =2xecuted tiat

£ans: TarK

=

f: choice. As 3 locater, prescsing the mouse tutton

this peint. The mazkine xnowe tze implied zjeraticn tacaice ;;;
. cf the context in which the markx is ziven. Dy
2 Cne =might ask why one should ,0 tc the trcultle t¢ if{
. Yave this moie, <ince key <coatrol i¢ fine =zra much less iiﬁ

exyensive. The mcuse gives an intan-itle tocst tc the vuser
tecause he <can new accurately yposition his liag te the
machine where he wants it just atout as fast as he cen find Sl
it visually. Light pens and rice are Fitt’s las devices. 1
user can position the cursor using them just as fast as te
can gpcint to the new spot, tecause the co.nitive processing ;ﬁ;
i¢ nearly the came. Testing has shown the mouse and 1lizht
per tc  te superior tc any other locating devices [Ref. 4].:

As interface control moves away from tone keybtoard, the mcuse —

: cr scTe other Fitt’s law device will emarge iredomicent, e ?t:
"ne nards” controller might te even better. :iéf

There is & tre; here for the vurwary decsigaer. If ;ﬁi

possitle, allow toth <ccatrol methods of injut. Use twe 7-f

cursors if necessary. Let users decide which they prefer. ;}f

Exzerienced typists feel more cymtortatle with tae kKeytoard

L and eschew the mouse.

Wwhat 1intertftace yprc¢tlems are easier ~ca? The

struszture c¢f the ,recgrar that runs the interface i¢ very
e sirple now, but the prcgram is lcng, and larse (cver 2:¢K
tytes of otject c-ode for one screen is not unreascnatle).

The vser is presented with lists exclusively. He may <c¢2ly

53 ol
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chccse one command at g time. Tre _rrerncmenon of
:Sycholcgical clesure is teinge accommodated [Eef. 2}, The
useer <ees definite acticr-reastion zire, =-hoicec have
explicit results., Tne envircnmeat yiresented {s mest likely
cterarcaical, <o while worging tze user is travercing a tree
¢r network. The user do0es not need specific system
kncewledge if the menu designers have done & gccd jot;. The
user is tetter atle to concentrate on the jtct at hand =2nd
nct the machine.

There are still scme <hortccmings. Cecntext is
difficult to raintain frcm one menu tc the next tecause the
full screen changes with each new menu. Screea management
is a tecit design crhallenge.

2. Windows

#indows are the latest eddition t0 the {interfece
designer’s Yag of tricks. They are a lozical extension of
the concepts c¢f screen splitting, and zones, tut eare
dynamic, A Windcw 1is a generalized screen or ypseudc
display. Arsthing that can appear on & normal 4display ~an
2rrear in e window. Wwindows can arpear simultanspusly with
other windcws. 3Joo0d windcw performance calls for hardware
and scftware support. fhe cierating system rmust suppcert
sultitasklipng, 1.e. a2 single -cser must bte able te run
several active jprccesses an a time, Some tcrm of raster
operaticn is necessary, as are fast screen tuffer(s).

A raster operaticn is the ability to extract all or

rert c¢f the screen buffer into a file a2l recall it to the
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ccreen &t #ill. Raster o erations ere very fast, the wn:le

ccreen may be changzed in cne refresn cycle. Taey eliminate

; waiting for screens tc fill with text of graghics, |if 3;5
i rrcrerly irrlerentea. &?;
N i
'S Two window styles are used, stetis &ard ypor-up .or i?ﬁ

pull-dcwn). Static windcws are wc¢rk areas, usually large, ;fi

eard contaln text cr graghics. For-up windows are used for

édisplaying transieat 1lists, grimarily menus, and are smell.
A por-ur menu is only displayed while the u<er makes a ?i:
choice. As soon as the chcice is made the menu disapiears :
and the choice is executed. Tnat implies trat more than cne

window maey te displayed at once, allowirg the user to F::
preserve context as he chooses, like flipping jages. Ecth
static and pop-up wirdcws can te moved around the screen at

-~ the vser’s discretion.

i C. GOALS FOR INTERACTIVE DIALOGS

. The user rercelves the system as the dialog tetween tne
; himself and corputer. The designer must make that iialog as
straizhtforsari eas possible,‘in atman terms. The follcwin,
gtidelines are 3 starting zoinat fcr the interface design and
irrlementation.

1. Mipirize Apzrehension

Attempt tc mirimize user arprehensioca and
. intimidaticn. Some uneasyness is inevitable on any macrinae, g',
'; at first. Try to get the user involved i21 the wcrk, threugh : 3
" "
the dialog, makxing the machine transparent. Keep tre B
2 55 e
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inte~f2ce tusinesclike. D2 nst try to be cute, though dry i}
turcr mey have e place (Eef. ¢]. Keey error messe.es ;i
comrlete, tut terce. Instead 5f evaluaatinz ucer performance -~
in messages, use descriptive terms to point cut the pretlem -
(Ref. 3]. Avoid judgemental terms in messages: Insteaa cf i
. “n
“Il1legal Ccmmend which places tlame ¢n the user and r.azes .
tim defensive, 1se a more descrijtive giphrase, 1like ‘usage L
{filename> <mode)> <orptionsd’. A usage message shows the fﬁ
ueer the correct way td invoke the command. It also lets nim =
N
see his wistake and easlily see how to correct it. A mernu ;
driven system irevents the majority of errors 1like these,
most of which result from careless tyiring.
Ll
2. Lor’t Fanic w
Minimize user frustraticn and panic. An uneasy userA ?f
is more 1likely to make mistakes, esiecially if the same ?;
o
nageing tault is causing his displeasure. f;
L
\.:_4.
(1) Panic results when the system does something unex- ::
pected then locks up, without tellings the user what -
hapjened. Always keep the user informed atout  the o
state of the machline or ,rocess. A simple run=- W
nia, c¢r stopped - address fault <prccess named -
i< adegquate. It should always te displayed at the Sy
same screen location or 2o0ne. If something does *
fail report {t to the user, then lock up or autc- o
bOOt. .':'_.
(2) The user should never feel lost. Keep him informed I
atout his location, either with a world view di- e
deram or highlighted menu choices, etc. it
{3) Always let the user kncw what cptions are availatle ﬁf
ty him. Guessing can lead to disaster. Pop-up -
Tenus are excellent for the ‘task. Otherwise -
display a menu unobtrusively at a mergln or tcrder. i
56 i
e o N a” ¥ AT e et et m e e e e L -
N i't’ifif:’:f{”;’;f:'tf:f;fi’Cfff;?;{;“;?:’Cf{“:’;*;ﬁ;f;'{f;f;f;ftﬂrggf;f:4:{;{;r;ffv:#?-;i;cka:g:f:a;a:¢:c;:;c:;:




Tt e e R
ORI G QR SR, X

14} Accemmedate several levels ¢f expertise. Try <c¢ put
tre 1ser in contrecl here. No cne likes to te z2lac-
sitfied, especlelly ty e macaine. A tog.le for ex-
perienced nsers 1< one pcssitilitvy.

(5) Meke the iser feel he 1s maving rogress. Stress
pSychclogical closure in trne design and imilementa-

tion.

Following the pciats atove will maxe for rmore
pleasant error situations, ane if the user i{s mcre relazed
he i< also rore likely to recover with less trauma to his
ego, and his work.

3. Natural Dialog

The dialoe rmust te ccuched in terms familiar to the

user. Whether it is words or pictures, they shculd te from

the user”’s sphere of reference.

4. Solicit U

un

er Comments

Systems grow or die. User comments will tell the
designers what 1is disliked atout the system. Things that
are x00d 17 the user’s eyes are invisitle. Anncying faults,
no matter =ow small will not 2o unrepcrted. »ake sure the
comments are read ard acted upon by some ose with the icwer
tc make a ditfference. Nct all prctlems will te repairetle,

tut at least they will te kncwn, Feedback 1s especlally
irgortant early 1a the design stages. Try tc get actnal
Users on a new system as early as possible.

5. Keytoard?

For apilications that are not heavily text and data

entry, or word processing try to minimize «eyltoara use.
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Catatase mariprulation erplicaticons are a 1lixely caniidate
for a wizzywi, interface.
6. First Sessicn

If the system can not te used for usetful werk frem
the first <ecscsion, something is wrong. A general purypcse
set c¢f commands and aprlications should te avallatle sith:cut
any system knowledge other than how to lcgin. A user w#who is
atle to sit down with no pricr kncwledge and leave a shcrt
time later with a ccompleted document, and a smile cn Lis
face, will return. Explicit trainirg done on tre systew
should bte done in short 1lessons separated ty distinct

breaks. Ildeally the irstructions should be designed for ten

tc fifteen mrinutes, with thirty to forty minutes for hands-

on rractice. Keep the user engrossed in the Jjoc at hand. If-

he must think about how to do scmethins on the machine, he
is not thinking about his jcb. The machine is just there to

tely, n0t dcminate the task,

A1l the exrerts agree on ~hat to 40 and what not to
do. It 1s also obvious who among ther have designed an
irterface, thcse who have tried, and tanose «#ac anave not.
They agree that irterface design is mcre art then sclience.
It will rerain so until computers tecome so gowerful as to
take on huran traits. Or genetic engipeers are atle to grow
a ccmputer operator personality.

The thing to strive for above &ll 1in interface

design is to capture the essence of a metaphar, Infcrmation
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trancfer, with the 3id of 2 metephor, is trarsfcrrez from a .
seriel data stream into e troad tamd tloci. Tne user learas ff{

T A
i
‘

ty analogy inctead of ty rcte. He is elso more likely tce —_
reremter ‘tecause ne is tuildir_, on his own exjerience, angd e

the mental linke seem tc te mich stronger [ef. ¢].

)
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V. AMIAE

As origirally corceived UNIX was a3 resear: tool
desizned to run on a small computer in a laccratory. It
tecame rorular because it was easy to use, vercatile anz

readily exzaniavle. Now that it has been in existence fer

fifteen or more years, the cnly feature it sanares with 1its
first versions 1is ease of exgansion. 3BSLL Lacoratories’
taby 1< no longer e2asy to learn, and to use the wonderful
facilities requires a moderately powerful machine. Amiatle
is a overlay for UNIX that conceals syecifics of the
oserating system and allows a new user to use the system
witkhout first tein, intimate.

Amiatle is implemented on a SUN model 154 work staticn,
rurtning Ferkeley UNIX version 4.2, under SUN release version
1.1. The system ic part of a research project for the Naval
Electrcnics Systems Command, Command and Ccntrol Work
Statiorn.

Amiatle consists of three major parts, & welccniag
screen, the wor¥Xing environment, and an 2n-line VI screen
editor help program. The werk station 1s arranged so trat
the monochrome monitor is the text work area and the cclor
moritor is fcr preom,.ting menus end graphics werk area. Xach
part will deszcrited and exglained. Tae final section

discusses fiture work.
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The Welcame package contains several jrozram wodules ;3?:
tkat display 7Tenus on the Sun coclor moritor, The screern f,?‘
choices are rade witz the Sun mouse, jlaced to tne immediate o
right ¢f the San keyjbcard. The entry meny preserts the user
witnh six cholices and four shovrt notes, The menz is in zcoler Si;l
on & dark tackground. s

1. Mai

i3

Menu Notes

The notes are very simple and to the point. The

first ncte tells the user now to select using the mcuse.
The second t=lls him how to logcut. The third and fourth
are 1implermentation notes, and & point of contact fcr mere
informaticn.

-

2. Maip Menu Selections

Of the six selections on the main menia, three are
functional and two are under development. The sixth
celection, actually numter four, a programming eaviroameat,
is just a title. The operational selectioas are:
1) Demonstrations.

) Amiatle UNIX

Z) Tre C Shell

A program to select graphical attritutes with the e
’ : mouse is teing developed for future inclusicn. The graghics j;ﬁ
i‘ editor demorstration program is cholce nurler six. Iv was 'j?i
;E inclvded as an iaterim graphics editor, until it cab either .3¥ﬁ
N i
- be uygraded or a new one written. T
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The Taia screen is sirple ard uncliuttered. sher a
7 cheice 1is made the main menu clears, rejlaced ty either a
ii semonstration menu or &n attritute renu. tmietle arqa T
chell <elections clear tze main menu tut leave the welcome
e screen on.
n 2. Derenstrations
Selerted deronstraticns may ©te chosen frem this
renu. The upper section is for moncchrome selections, the
Eﬂ lecwer csection for color. The demonstrations are from those
supylied with the machine, and are reypresectative cf system
caratiliey.
This selection is nothing more than an escare into~

tnadorred UNIX.
. Amiadl

The second selecticn is the Unix overlay £miatle. It

is a shell script that helps the user do several things in

.' Unix without any system knowled,e, other than scme eneric
comruter experience. A C program version is in develorment;

tut i{s nct yet reliatle encugh tc unleash on the ;ubdlic.

L E. INSIDE AMIABLE
Ef Amiatle 1is a mesk ftor Unix. [t incerpcreates tne
;ﬁ interface design 1deas discussed in Chapters II thrcugh IV.

It was written and implemented on the SUN, tefore the

wirdewing software w#as installed, so it doses nect incorpcrate

o Wwindowing, unfortunately. It does dramatically decrease the

€2
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ameunt of knowiedge the user must tring with him to the Uaix
orerating system., In most cases Amiatle executes cormanzs,
' the user siapplies cnly tile nares. It nas a terse tc,qle.

When terse 1s chosen all wessages fromr Amiatle jrompt teor

N input cnly. zxplanatory remerxs and more ccrplete requests
i fer injut are displayed with the jrompts wrnen terse 1is rnot
; set.

; Amiatle s reets the user with & list of functicns:

:

Erowse Compile Edit Learn Move Print Shell eXecute lo5out

L The user can choose any of the functions by typing the
u capitalized letter in each. He may only choose one functiorn
. at a time, but he may exit tnat function, leaving it running
i irn  the backgrounrd, and choose another. Compile and Print
. u1ce that feature., The idle state is with the functien list
? displayed waiting for a user cholce. Amiatle asks the user
' fcr additional information needed for correct command
- execution.
2 The edit command ceuses the VI editer tc te invcked ¢n
] the monochrome monitor. It also brings ap a program celied
: “"vicom™ on the color monitor. Vicom is a gpair of on-line
help and tutorial screens, displayed while the user is in
[ Fdit. Vicer is intended to nelp the user learn and rememter
the VI editor. *_f?.:i-'.
) s
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Vicom is @ mecuse driver heli file. 811 selezticrs
#ithin it are done wit~ the mcuse. It is twc cclcr screens

~ontaining VI editcr cormarnds ard syntex. 1The first screen

presented has five general Iinformation notes atout the

screens and usage. A cecond miscellaneocous notes secticn s

p TR KT IEE S e
f LI LI S e e
~.'.'. PR A P

ircluded on the first .a,2 of commands. They are rotes
atcut syntax notation wused <n the screen and some
=I precautions avout usirg the mouse.
Corrand meenings and syntax are resented ir

functional grougs. The tirst page contains grouys for:

cursor ccntrol, text inserticn, scrolling the screen,
- searching for strings, saving and ending a sessicn. The
: secord page has more advenced functional grcups: mcving:
ii text, using the buffers, and £X “:° comrards. within eccth
é; functicnal grcup one or two basic eneral jurpecse commands
?g are highlizhted in a different coclor. New users are advised
ii in the general information note to learn trem first.
Eacn functicnal grour ic¢ indeprendent of the cthers
and Tay te displayed ty 1itself. Withir each functioral :
;4 grouy are sutgrours, information rmessages atout the e
ﬁ' subgroups mray be called ty pcirnting the moiase at a comrard T
Ei and pressing the left button. The ten or tewer lines cf ifi
E: exrlanation are displayed Jjust telow <creea center. The ff]
exglanatica ccrtains usere nctes and additicral syntax ;;ﬂ
E: rules, 1f any, as well as a reference to system E?;
Eg docurentation. s
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Two exercise files are on the system: VI_exi, ard
VI ex2. They are designed t2 " zive 3 new Uuser m:re
information abeout V]I ard some pracstice using the ccmrends.
A VI expert could d: the <irrle exercises in less tzan
thirty seccrnds, using the gquickest methois. A new user
could take half an hour or more. The lessons are cot
4ifficalty tut the second ore has several text eaiting
cperations that will xeep him Pusy lcoging at the ccmmand

screens.

C. TEISTING
Ariatle is essentially untested; time ran out.

Criticisms and comments from six colleagues who used the

system triefly have teen inccrperated. The system is ready-

now for some exposure tn a less well prepared group. Thre
results of that trial ty fire will not oaly tell whether

change is needed, but how much. The rewrite is inevitatle.
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V1. CONGLJSIONS .

Le<igsning ucer interfaces 1is easy. Imilerenting the _:

design  to ac~ommodate the foltles of huran teings is rard. '::

Literature on the topic of man-macrnine 1interface aesign o

atounds 1in traide jfournals, textbooxs, hotty magazines, ... ;f;
literally everywkere. Each author has a aew woaderful yplan E

to make it easy to use computers. There are cnly a haniful

cf authors wanc speak frcom experience. Unless an author has .}

credentials as a rroven interface desigrer, whc actually i;

wcrked on the {mplementation, his ideas are suspect. Given o

time and rmanjower anything <can te coded; Dvut making a-

ccrerent rackage that works tcgetner is a ditferent protlem.

A. FECFLE ARE STRANIE

The tigeest stumbling tlcck 1is jpeople. They are

]
ungredictatle. Lifferences tetween twd groups c¢f pecile ;;&
tkat d¢ the sare work in two 4ifferent offices caa <ts, an 'T?
interface design in ite tracks. and none of trne faults will 3
te discovered antil the testing starts. Heckel has earrived S
at the same conclusions [Ref. 9]. The answer is tc zet
:rototypes running as early as yfossitle and et it to the
ucers. Solicit their comments, criticisms and suggesticrns.

Then do sorething etout them.
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E. CESIGN MAINTAINABILITY IN
An interface mucst te designed 1tc¢ ce crangeable. Jse
.« every modern scftware maintenance technique 1o mexe the ii
pregrams easy to change. Mzdularity is @ key here, It a3
E screen is a rodule, then modifyling tze screen is reletively j%
-' easy. Witnin the screen module make the layout one or more it
Todules, each menu should te one sub-modole. LILccumexnt,
document, docurent! Assume no> cne from tnae oriziral rroject E
will te 3rount whken the 2hanrges must te made. 3Ixplain NS
; everything, then the new people will orly taxe nalf the time i
i it ‘tock the original group tc become familiar with the
= material. s
C. DIFFERENT DRUMMIRS
The xroup that sets out tc design a user {interfacs .E;
: choull nave memters from disciplines outside computer ::
; ccience. ldeally the grour should at least have access to & ii
N cognitive  psychclegist, sgmecne wita a visual arts zf
- tackgrcurd ‘tainter, graphi- artist, irhctogragher, ;:
; cinematograjher, etc.;, and regrecsentative users. =
i Ar  interface design implementation 1is tco 1large & if
E preject fcr a single persca, tut the g«roup must te :j
E responsive and flexible. TLivide the ircject among several i
_& membters (three tc six) and schedule twice as ruch :
i; develogrTent timre as is thoiaght to Dbe necessary. Test at &T
S; every 2psortunity, ther rewrite and retest. Ei
N 2
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ﬁf ieal z2uvman-cerputer interface packages are never finished,

o an eupkemisr for final product is: " “xelease Version XX".

;: J. TEOOTSTRAF DESIGN

-::

T The currert method c¢f jregramming s2reens 1is not ar

A

e effective use ¢f rescurces. Tco rmuchk tirve is spent setting

. cimple menus, and treir as<ociated <electiorn modules on the

i screen and running. A program or graphics editer shoula e

o atle tc randle that task with scme develcpment effcrt.

-~

— A zZra;hics editer is the second logizcal cholice for @

:ﬁi werkstation after a word processor. The next prcject oa the

E SUN werk station stould te a graghics editor capatle cf

o ~ drawing executatle user interface screens.

1}' The visible result cf an interface design project in no-
o way reiresents the amount of of2sr-t expenied. 4 methodolcgy
~

must t2 develored tc sreed the rrocess. Present methods are

2 too hit or mriss,
o
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